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Abstract 
In this study, we investigate what kinds of feelings consumers have while watching TV commercials in the presence of words 
(lines, a jingle, a sound logo, and on-screen words)that were later remembered, by using an electroencephalogram (EEG) and 
questionnaires. Every day, a great number of TV commercials are broadcasting. Since TV commercials have become indispensa-
ble advertising media, it is essential for advertising agencies to create attractive and memorable TV commercials for consumers. 
This leads to many evaluations of TV commercials. Yet, few studies focused on consumers’ feelings during TV commercials 
along with words that remained in their minds afterward. In order to reveal this point, we carry out an experiment with Japanese 
award-winning and non-award-winning TV commercials. We also examine effects of words on consumers’ memories with time: 
soon after watching, a day later, a week later, and a month later. As the results of our EEG analysis, different consumers’ feelings 
were obtained in different cases. There was a strong correlation between concentration and stress while watching the award-
winning TV commercials along with words, which consumers remembered not only soon after watching but also a month later. 
However, this tendency was not applicable to the non-award-winning TV commercials. Thus, we consider that the effects of 
memorable TV commercials along with words on consumers’ feelings could vary depending on winning an award or not. 
 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Through the spread of televisions, we have greater opportunities to watch TV commercials that have been pene-
trated deeply into our lives. This brings about the fact that TV commercials have large roles in promoting consumers’ 
willingness to buy, in raising awareness of a product, and in improving the image of a company even though each 
TV commercial is generally broadcast for a short time. Therefore, advertising agencies have been concerned about 
how a TV commercial can get to consumers’ hearts and can influence their behavior within such a limited amount of 
time.  
In order to overcome the challenges, evaluations of TV commercials have been done for years. Conventionally, 
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questionnaires and focus groups are conducted, which make it possible to easily understand consumers’ opinions 
and reactions1. However, there are problems that consumers might respond ambiguously and deliberately. We can-
not acquire true information about consumers. Compared to such methods, neuromarketing has got a lot of attention 
recently. Neuromarketing is a kind of marketing research method, which finds out the psychology of consumers 
from their brain activities using a functional Magnetic Resonance Image (fMRI), an electroencephalogram (EEG), a 
magnetoencephalogram (MEG) and so on. These methods were used in previous studies on TV commercials2-4.  
In this study, we focus on an EEG, which is an electronic activity measured on the scalp. An EEG allows us to 
measure quickly, simply, and unstressfully in real environment. Moreover, it is said that an EEG could reflect the 
true inner emotions5. Regarding studies on TV commercials with an EEG, some researchers examined changes in 
brain activity while consumers were watching TV commercials6-9. Others discussed brain activity differences be-
tween memorable and forgettable TV commercials10,11. Such research contents are important for advertising agen-
cies to create TV commercials, which stand out from all the other TV commercials and remain in consumers’ mem-
ories. Yet, these previous studies have still unclear points. Firstly, combinations of different kinds of feelings have 
not been detected by the EEG even though TV commercials give consumers multiple feelings such as interest, like, 
and stress. Secondly, although TV commercials are advertising media with auditory and visual senses, there are few 
studies about the effects of audiovisual elements in TV commercials on consumers’ memories. We particularly draw 
attention to words (lines, a jingle, a sound logo, and on-screen words) that consumers remembered after watching, 
which aims at determining how much such words have an influence on consumers.  
Hence, in this study, we identify what kinds of feelings consumers have while watching TV commercials especial-
ly in the presence of words that were later remembered, using an EEG and questionnaires. Furthermore, we examine 
the effects of such words on consumers’ memories with time: soon after watching, a day later, a week later, and a 
month later. In order to reach our objective, an experiment on TV commercials is performed with Japanese award-
winning and non-award-winning TV commercials. Comparing the two types of TV commercials, we investigate 
how TV commercials including words later remembered actually impact on consumers’ feelings with time.  
2. Related Works 
We detail EEG-related works on TV commercials.  
Previously, majority of researchers looked at brain activation patterns during TV commercials that consumers re-
membered/forgot later or TV commercials that consumers like/dislike. One study showed that the cerebral processes 
were generated by the posterior parietal cortices and the prefrontal areas, rather bilaterally while consumers were 
watching TV commercials that were remembered later10. Another study mentioned that a stronger activation existed 
in the left hemisphere associated with TV commercials that consumers like8. Even though these studies found out 
regions of brain activation, we cannot concretely know what kinds of feelings consumers have during the TV com-
mercials watching. That is, there are few researches that focus on several kinds of feelings extracted from an EEG. 
Since every consumer has not one type of feeling but rather diverse feelings, it is important to understand changes in 
a variety of consumers’ feelings on TV commercials evaluation. Therefore, the first originality of this study is to 
reveal relationships among different kinds of feelings that consumers have while watching TV commercials. As the 
second originality, we focus on words (lines, a jingle, a sound logo, and on-screen words) that consumers remem-
bered after watching. Although such words play a role in making TV commercials attractive and memorable, few 
studies gave consideration to the effects of words in TV commercials. In order to clarify how much these words 
have an influence on consumers, we investigate what kinds of feelings they have while watching TV commercials in 
the presence of words that were remembered later: soon after watching, a day later, a week later, and a month later.  
3. Experimental Procedure 
In our experiment on TV commercials, EEG measurement and questionnaires are conducted.  
We start by explaining EEG measurement. We use a simple EEG device of band type, which allows us to easily 
wear without tightness of the head and without some kinds of gel (see Fig.1). The measurement point is only Fp1 
based on the international 10-20 system (see Fig.2). Since Fp1 is located on the left frontal cortex, we do not have to 
be concerned about noise by hair. In addition, this point is said to be deeply involved with the change of human 
emotions13. Using this simple EEG device makes it possible to investigate how consumers feel while watching TV 
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commercials without their burdens.  
Next, we introduce the experimental procedure. Subjects are 15 males and 11 females in their 20s to 50s, who are 
in good health. We use 100 Japanese TV commercials, which were aired or are aired as of February 2015 in Japan. 
These TV commercials are selected by an advertising agency called DENTSU Co., Ltd.. 50 of them (No.1-No.50) 
are received awards at a Japanese TV commercial festival during the past years, which are defined as admired TV 
commercials in this study. The other 50 (No.51-No.100) are not awarded, which we consider as ordinary TV com-
mercials. Here, we investigate the admired TV commercials as “Category1” and investigate the ordinary TV com-
mercials as “Caterory2”. Moreover, a viewing time of each TV commercial is different, either 15 seconds or 30 sec-
onds (see Table 1). Subjects do not know which TV commercial is in the Category1 or the Category2.  
The experiment is held in a quiet room. A subject wears a simple EEG device and his/her earphones looking at the 
screen of a personal computer. The subject watches 10 different TV commercials continuously. The TV commer-
cials include five in the Category1 and five in the Category2, whose order is random and varies with subjects. After 
finishing watching them, he/she describes memorable TV commercials (Q1) and memorable words (Q2) if he/she 
has. In this study, we define words as lines, sound logo, jingle, and on-screen words in TV commercials. After tak-
ing a rest well, this process is repeated nine more times in the same day. Moreover, as a long-term follow-up with 
questionnaires, we ask subjects to name still memorable TV commercials a day later (Q3), a week later (Q4), and a 
month later (Q5) if they have (see Table 2). This is because we need to know how many TV commercials along with 
words that the subjects answered in the Q2 remain in their minds with time. For all the questionnaires, multiple an-
swers are allowed. Above procedure is illustrated (see Fig.3). 
                                      
Fig. 1. Simple electroencephalograph12.                                        Fig. 2. International 10-20 system. 
Table 1. Details of viewing time. 
Number of TV commercials 15 seconds 30 seconds 
Category1 20 30 
Category2 40 10 
Table 2. Questionnaire item. 
Questionnaire Item 
Q1 
Name memorable TV commercials among 10 
TV commercials that you watched just now. 
Q2 
Name memorable words among 10 TV com-
mercials that you watched just now. 
Q3,Q4,Q5 
Name still memorable TV commercials 
among all TV commercials that you watched 
on the experiment day. 
 
 
 
      Fig. 3. Experimental procedure. 
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4. Proposed Methods 
4.1. Questionnaires 
To begin with, we extract TV commercials, which subjects remembered and which also included words that they 
remembered soon after watching. That is, we pick out TV commercials that subjects answered in both the Q1 and 
the Q2. These TV commercials are distinguished between the Category1 and the Categor2. In addition, we check 
how many TV commercials along with words that the subjects answered in the Q2 are still remembered with time: a 
day later (Q3), a week later (Q4), and a month later (Q5). As above, we pick out TV commercials that subjects re-
called in both the Q3 and the Q2, in both the Q4 and the Q2, and in both the Q5 and the Q2.  
4.2. EEG Analysis 
For EEG analysis, we use a KANSEI Analyzer commercialized by Dentsu ScienceJam Inc.14. The word KANSEI 
is studied firstly in Japan, which can be acquired postnatally like experience and learning15. This tool detects sub-
ject’s degrees of “like”, “interest”, “concentration”, “drowsiness”, and “stress” as five parameters of emotional 
states in real time, by using the simple EEG device.  
 The mechanism is considered as follows. An EEG is converted to a frequency domain spectrum each second by fast 
Fourier transform. The amplitude spectra at 1-30Hz are used. This process is applied to detection systems in the tool. 
Accordingly, the degree of each parameter is calculated per second, which is expressed in percentage (0%: low de-
gree - 100%: high degree). By using the KANSEI Analyzer and the simple EEG device, we can easily know the 
changes in five parameters sequentially while subjects are watching TV commercials. 
Now, we gather the KANSEI Analyzer’s data during TV commercials watching on the basis of the questionnaires 
as stated in subsection 4.1. That is, we gather data of TV commercials that apply to both the Q1 and the Q2 (soon 
after watching), to both the Q3 and the Q2 (a day later), to both the Q4 and the Q2 (a week later), and to both the Q5 
and the Q2 (a month later). The gathered data are grouped according to viewing time (15 seconds, 30 seconds) as 
well as according to category (Category1, Category2). From these combinations, four groups are formed. In respec-
tive groups, we calculate an average degree every second for each of five parameters. These average degrees are 
used for correlation analysis and significance test, which will argue in subsection 4.3 and 4.4.  
4.3. Correlation Analysis 
We firstly mention correlation analysis. Correlation analysis is one of multivariate statistics, which reveals the lin-
ear relationship between two variables. Since our aim of this study is to identify what kinds of feelings consumers 
have while watching TV commercials along with words that were later remembered, this analysis makes it possible 
to find out what combinations of feelings they strongly experience during the time. The following equation repre-
sents a measure of strength between two variables. 
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In equation (1), x and y are variables. The value rxy is called Pearson product-moment correlation coefficient, which 
runs from -1 to +1. As a correlation coefficient closer to -1, there is a stronger negative correlation. On the other 
hand, as a correlation coefficient closer to +1, a stronger positive correlation exists. In case of a correlation coeffi-
cient of zero, there is no correlation between two variables. The strength of correlation is followed (see Table 3).  
Here, x and y are two parameters among “like”, “interest”, “concentration”, “drowsiness”, and “stress”. The value 
of n is 15 or 30 depending on each viewing time of TV commercials. xi is an average degree of a parameter on i sec-
onds. The same holds for yi.  
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Table 3. Definition of the strength of correlation. 
rxy Strength of correlation 
1.0 or -1.0 perfect 
0.7 ൏ | rxy | ൏ 1.0 very strong 
0.4 ൏ | rxy | ൑ 0.7 strong 
0.2 ൏ | rxy | ൑ 0.4 moderate 
0 ൏ | rxy | ൑ 0.2 weak 
0 none 
 
4.4. Significance Test for Correlation 
In order to know whether there is a correlation between two parameters, we employ a two-tailed significance test 
for correlation with the significance level that is set to 0.01. First of all, we make a null hypothesis that there is no 
correlation between two parameters. Next, a test static t is calculated as follows: 
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In equation (2), rxy and n are the values, which were used for the correlation coefficient in subsection 4.3. Based on 
the property of a test static that has a t distribution with n-2 degrees of freedom, the test static is compared to the 
critical value from the t table. If the test statistic is greater than the critical value, we reject the hypothesis and accept 
the significant correlation between two parameters. Note that the significance test is just used to know the presence 
or absence of significant correlation. It is a correlation coefficient that judges the strength of correlation.  
Therefore, correlation analysis and significance test for correlation are carried out in all the combinations of five 
parameters. 
5. Results and Discussions 
5.1. Results of Questionnaires 
We visualized the result taking into account both the Q1 and the Q2, which showed the number of memorable TV 
commercials accompanied with words that remained in subjects’ minds soon after watching (see Fig.4). Additional-
ly, we illustrated how many these TV commercials along with words were remembered a day later (see Fig.5), a 
week later (see Fig.6), and a month later (see Fig.7). The numbers of sections painted grey in the Fig.4, the Fig.5, 
the Fig.6, and the Fig.7 were counted respectively (see Table 4).  
Regarding the Fig.4 in the Table.4, numerical relation between 15-second and 30-second TV commercials was re-
versed in the Category1 and the Category2. This could result from the initial number of TV commercials that we 
mentioned in the Table 1, which shows that the number of 15-second TV commercials is larger than that of 30-
second TV commercials in the Category2 while the Category1 has more 30-second TV commercials than 15-second 
TV commercials. All in all, we confirmed that the Category1 included more TV commercials along with words later 
remembered than the Category2 did (139 > 108). As a day passed by, there was a sharp decrease in the number of 
TV commercials in the Category1. Although similar decrease was observed in the Category2, subjects’ memories 
tended to be retained from a day later to a month later. In terms of a month later, there was almost equalization of 
the number of TV commercials that subjects remembered along with words while both categories differed in number 
at first. We assumed that the words in the admired TV commercials were likely to have more impacts on subjects 
and to remain in their memories more easily for a very short time. However, regardless of admired or ordinary TV 
commercials, there might be limitations to keep memory alive for a month. We could say that it seemed to be im-
portant how TV commercials make consumers memorable a day later even if they include words that have an effect  
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A grey section means a TV commercial, which a subject remembered with memorable words afterward (soon after watching, in this case). TV 
commercial’s number painted in pink indicates a 15-second TV commercial. That in blue indicates a 30-second TV commercial. This explanation 
is also applicable to the Fig.5, the Fig.6, and the Fig.7.  
Fig. 4. Result combined the Q1 and the Q2 (soon after watching). 
 
Fig. 5. Result combined the Q3 and the Q2 (a day later). 
137 Tomomi Nomura and Yasue Mitsukura /  Procedia Computer Science  60 ( 2015 )  131 – 140 
 
Fig. 6. Result combined the Q4 and the Q2 (a week later). 
 
Fig. 7. Result combined the Q5 and the Q2 (a month later). 
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Table 4. Number of sections painted grey in the Fig.4, the Fig.5, the Fig.6, and the Fig.7. 
Number of sections painted grey 
(elapsed time) 
Fig.4 
(soon after watching) 
Fig.5 
 (a day later) 
Fig.6 
 (a week later) 
Fig.7 
 (a month later) 
15-second TV commercials in the Category1 53 20 16 13 
30-second TV commercials in the Category1 86 31 20 16 
15-second TV commercials in the Category2 69 17 18 14 
30-second TV commercials in the Category2 39 13 11 13 
 
on consumers. 
 Considering these phenomena, we look at results of EEG measurement in the following subsection. 
5.2. Results of Correlation based on EEG analysis 
We conducted correlation analysis and significance test for correlation with the data obtained from the simple EEG 
device and the KANSEI Analyzer. We tried all the combinations of five parameters in all the cases of the Table 4. 
As a result, we confirmed that “concentration” and “stress” had stronger correlations with significance. There might 
be more remarkable tendencies between these two parameters than other combinations of the parameters.  
Therefore, we start to mention a correlation between “concentration” and “stress”. These correlation coefficients 
were specified (see Table 5). Firstly, we compared between the Category1 and the Category2. Through a month, the 
Category1 held much stronger correlation coefficients than the Category2 did, independently of viewing time. Con-
cerning the Category2, although strong correlations were observed soon after watching, the strengths of correlations 
became poor or negligible rapidly a day later. The difference between the Category1 and the Category2 made a dif-
ference to correlation between “concentration” and “stress” in the long run. This view could not be obtained only 
from the results of questionnaires, which showed that the number of TV commercials along with words that subjects 
remembered a month later was similar between the Category1 and the Category2. With the aid of EEG analysis, 
even if words in TV commercials retained in subject’s head, their feelings while watching these TV commercials 
were significantly different between the admired and the ordinary TV commercials. That is, the degrees of subjects’ 
emotional states varied depending on the admired or the ordinary TV commercials. In particular, the words in the 
admire TV commercials tended to exert more influence on the correlation between subjects’ “concentration” and 
“stress”.  
Next, we made a comparison of viewing time in the Category1. 15-second TV commercials held a strong negative 
correlation until a month later. By contrast, 30-second TV commercials had a strong positive correlation. This ten-
dency continued a month later. In spite of the same category, the inconsistency occurred, which might result from 
different degrees of “stress”. This is because both of 15-second and 30-second TV commercials had tendencies to 
decrease in average degrees of “concentration” toward the ending the TV commercials. On this point, we drew at-
tention to average degrees of “stress” and show the time series graphs for “stress” (see Fig.8). Contrary to 15-second 
TV commercials that were likely to lead to an increase in “stress” toward the ending, 30-second TV commercials 
seemed to have a decrease in “stress”. We also argued this tendency from the perspective of Japanese advertising 
agencies. In the process of creating TV commercials, they try to create 15-second TV commercials for the purpose 
of giving an impact on consumers due to a limited amount of time to be aired. On the other hand, 30-second TV 
commercials are created more emotionally like an elaborate storyline. Thus, it was reasonable that the difference 
between positive and negative correlations could result from viewing time. No matter if viewing time was different, 
the fact remains that stronger correlation between “concentration” and “stress” was brought about particularly by 
watching the admired TV commercials. 
6. Conclusions 
In this study, we investigated what kinds of feelings consumers have while watching TV commercials in the pres-
ence of words (lines, a jingle, a sound logo, and on-screen words) that were later remembered, by conducting EEG 
measurement and questionnaires. In the experiment, we used Japanese award-winning and non-award-winning TV 
commercials. Comparing the two types of TV commercials, we examined how TV commercials including words la- 
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Table 5. Result of correlation coefficients between “concentration” and “stress”. 
Correlation coefficient based on Table.3 Soon after watching A day later A week later A month later 
15-second TV commercials in the Category1 -0.320 -0.863* -0.746* -0.623* 
30-second TV commercials in the Category1 0.805* 0.806* 0.818* 0.692* 
15-second TV commercials in the Category2 0.653* -0.161 0.389 0.221 
30-second TV commercials in the Category2 0.512* -0.07 -0.036 -0.230 
Asterisk indicates that there was a significance at significant level 0.01. 
 
    
 
 
 
 
 
 
 
 
                                 (a) 15-second TV commercials.                                                                 (b) 30-second TV commercials. 
 
Degree of “stress” was set at 20% to 50% despite at 0% to 100% in order to look at detailed difference between (a) and (b). 
Fig. 8. Time series graphs for average degree per second of “stress”. 
ter remembered actually impacted on consumers’ feelings with time: soon after watching, a day later, a week later, 
and a month later. The results of questionnaires showed that subjects remembered more award-winning TV com-
mercials soon after watching, which was considered that the words in the award-winning TV commercials were 
likely to have more impacts on subjects and to stick in their heads more easily for a very short time. However, a 
month later, the number of TV commercials accompanied with words became similar in number, which indicated 
that subjects’ memories for TV commercials might have limitations regardless of winning an award or not.  
As for the results of correlation on the basis of EEG analysis, the award-winning TV commercials had a tendency 
of a strong correlation between “concentration” and “stress” while watching them along with words, which subjects 
remembered not only soon after watching but also a month later. By contrast, this consistency was not applicable to 
the non-award-winning TV commercials. Therefore, we could say that the effects of memorable TV commercials 
along with words on consumers’ feelings were likely to vary depending on winning an award or not. Since this view 
could not be obtained only from the questionnaires, we confirmed that EEG measurement on TV commercials was 
beneficial in order to acquire subjects’ hidden information.   
Moreover, we made a comparison of viewing time among the award-winning TV commercials, looking at degrees 
of “stress”. 15-second TV commercials had a tendency of an increase in “stress” toward the ending whereas 30-
second TV commercials came out the opposite. We assumed that this difference occurred from purposeful issues of 
creating TV commercials: 15-second TV commercials aim at giving more impact on consumers and 30-second TV 
commercials aim at giving an emotional meaning to consumers.  In spite of different viewing time, the fact remains 
that subjects’ “concentration” and “stress” could significantly interact each other while watching the award-winning 
TV commercials that they remembered along with words.  
Finally, we mention our future work. Firstly, we need more subjects and need to conduct the experiment on diverse 
TV commercials. This is because different people have different feelings even by watching the same TV commer-
cial. Secondly, we will analyze all the five parameters more thoughtfully since we focused on “concentration” and 
“stress” in this study. Thirdly, we will look into other factors that may lead to memorable TV commercials like 
viewing frequency and physical components. Hence, we will increase the robustness of our study and will reveal 
effects of TV commercials on consumers.  
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